Electrification in Kathmandu valley had started in 1911 and the use of polychlorinated biphenyls (PCBs) probably started since 1940s (Devkota, 2005) . This research work was undertaken to find out the degree and extent of PCBs contamination in transformer oil and to explore its impacts on occupational health and safety issues of the workers and on the environment. The research was focused on Distributions Centers of the Nepal Electricity Authority (NEA) in the Kathmandu valley, NEA Lainchaur workshop and welding workshops of the Kathmandu valley. The samples of transformer oil were collected, safely stored and analyzed using L2000DX Chloride Analyzer, PCBs contamination at >50 ppm level was found in 184 distribution transformers with total volume of PCBs contaminated transformer oil to be 67566.3 Kg. The knowledge on impacts of PCBs contaminated transformer oil on human health and environment was better among NEA employees than among employees of welding workshops, though not satisfactory. Due to very low awareness, the workers come in contact with the transformer oil regularly and many health impacts such as eye problems, skin related complication, weakness and respiratory problems might be due to this exposure; however, exact impacts could not be verified scientifically.
Introduction
PCBs oils were initially proposed as transformer oil for use in electrical equipment like transformers because of their excellent dielectric properties and also because of their very low flammability. During incomplete combustion of PCBs mixed transformer oil, very toxic chemicals dibenzofurans are formed, and they have deleterious effects on health. Apart from the danger of PCBs producing furans in the case of fires, PCBs themselves are hazardous substances because of their high toxicity, great stability, and are easily absorbed by the fatty tissues of humans and animals. PCBs concentrations can then build up in the body, for example in the fat, the liver, etc., and these molecules are very difficult to eliminate (Safe et al., 1985) . Due to having such impacts, PCBs were gradually phased out for applications in transformers from the early 1980s, depending on the country. PCB was produced till 1990, and thus equipment manufactured before 1990 may contain PCBs. However, very large number of transformers may still contain and may have been the source of cross-contamination of PCBs even today. The main risks from these transformers are leaking of PCBs oils into the environment, accumulation in different environmental components and increased difficulty in the management after the end of the working life of the transformers.
The most important and unaddressed issue so far is the human health and environmental impacts of PCBs contaminated transformer oil, used either in the transformers or in the welding machines as welding machines also use old transformers oil in Nepal (Devkota, 2005) . The health impacts of workers like NEA employees and employees at the metal welding workshops exposed to such contaminated oil need special attention. Therefore a need was felt to explore the knowledge about PCBs contamination in transformer oil and its impacts on human health and environment among occupationally linked workers in the Kathmandu valley and identifying areas where awareness about the issue needs to be improved.
The Stockholm Convention is a global treaty to protect human health and the environment from persistent organic pollutants (POPs) including PCBs. Nepal being the party, government should take measures to eliminate or reduce the release of POPs into the environment. Therefore this research was undertaken to quantify the volume of PCBs contaminated transformers oil in the Kathmandu Valley.
Materials and Methods
This research was carried out within the Kathmandu valley covering 53 power transformers and 2988 distribution transformers within 8 sub stations and 10 distribution centres, NEA Lainchaur workshop and welding workshops.
Both quantitative and qualitative methods were used for the study. Quantitative method was used to analyze the degree and extent of PCBs contamination in transformer oil through L2000DX PCBs/Chloride Analyzer System [UNEP recommended test kits], all possible NEA transformer oil of Kathmandu valley was tested for PCBs concentration. For the analysis of transformer oil sample in L2000DX, first PCBs/ chlorinated organic in the sample were chemically converted to chlorine. Upon the completion of the conversion procedure, all the chlorinated organic content of the transformer oil sample were converted to chlorinated ions and this chloride content in the final extract was then quantified using a chloride specified electrode and converted to an equivalent analyte concentration using the conversion factors programmed into the analysis of the instrument. Qualitative method was done through field visits and questionnaire survey. Field visit was done to collect general information of transformers like transformer status, leakage condition and cause of the leakage, possible soil and water contamination from the leak, location and condition of the transformers and general and technical information of transformers like manufacture date and manufacturing country and was done for all possible transformers. A questionnaire survey among randomly selected 38 NEA employees and 90 employees of Welding Workshops, who were occupationally linked to transformer oil, was done by using purposive and convenience sampling strategies, mainly through semi structured questionnaires to obtain qualitative data on workers perception about health and environmental impacts of PCBs contaminated transformers oil. This was chosen as the most appropriate and feasible tool because it gives more in depth perspective from each participant and allows a more flexible and exploratory approach than simple questionnaires.
Result and Discussions

PCBs Contamination
In Nepal there are 256 power transformers located at different Generating Stations, Grid Substations, Distribution Centers under NEA (MOEST, 2006) . The study made on 53 power transformers located at different grids and substations within the Kathmandu valley showed no PCBs contamination; such transformers, therefore can simply be managed by using ordinary safety precautions. More than 25 percent of power transformers were found to be more than 30 years of age and these transformers may show higher possibility of failure at any course of time (Basel Convention, 2003) .
Out of 50 old and decommissioned distribution transformers stored at Lainchaur Workshop in 2006 (MOEST, 2007 , only 17 were found during the present study. Among 17 decommissioned transformers, PCBs contamination at greater than or equal to 50 ppm level was found in 7 transformers, as there was very little oil in these transformers, we could expect to manage them easily, however container contamination should be taken into consideration and must detect the PCBs contamination on the container and should safely dispose, if found contaminated (Stockholm Convention, 2004) .
Among 30 transformers under maintenance 5 transformers were found contaminated with PCBs at greater than or equal to 50 ppm level, therefore during their maintenance PPE and other possible safety measures must be used and PCBs free transformer oil should be filled after maintenance (Safe and Hutzinger, 1984) . The main problem associated with these PCBs contaminated transformers is to prevent releases of PCBs contaminated oil are; transfer of liquid PCBs during retrofilling, replacement of leaking seals and repair of cracks and holes, clean-up of minor leaks or spills and timely addition of non contaminated transformer oil (UNEP Chemicals, 1999) . The presence of PCBs in all the transformer oil might be possibly due to cross-contamination, either during addition of oil to online transformers or during maintenance as Nepal Electricity Authority (NEA) has coded that the transformer should be PCBs free for purchase and import (NEA, 2011) . At the same time there is also possibility that the new transformer might also contain PCBs contaminated oil as till now there is no provision and facility to examine and monitor the PCBs content in new transformers. 
Occupational Health and Safety Conditions
It is most difficult to establish cause and effect relationships for human exposure of PCBs and associated toxic gases and incident disease, as humans encounter a broad range of environmental exposures and frequently to a mixture of chemicals at any one time. This difficulty is further underscored by the fact that POPs rarely occur as single compounds (UNEP Chemicals, 1999). More to the point, however, is the fact that PCBs are likely to accumulate, persist and bioconcentrate and could, thus, achieve toxicologically relevant concentrations even though distinct exposure may appear limited (UNEP Chemicals, 1999). Experimentally, the weight of scientific evidence (WHO, 2001) suggests that PCBs and associated toxic gases have potential to cause significant adverse effects to human health, at the local level, and at the regional and global levels through long-range transport. Therefore, occupational and accidental high-level exposures are of concern for both acute and chronic worker exposures.
All the respondents, due to the nature of jobs were male; so, male were more vulnerable to PCBs exposure and associated toxic gases. However few females and their children were also found around the working area. Almost all the respondents said that they did not change their working dress at their homes, so it is quite possible that female and children are also vulnerable to be exposed to PCBs and associated toxic gases. Maximum number of respondents were of reproductive age group, indicating that their developing fetus and neonate were also vulnerable to PCBs exposure due to transplacental and lactational transfer of maternal burdens at critical periods of development (WHO, 2001) . As few children's were also found working with PCBs contaminated transformer oil, they may experience rates of infection some 10-15 times higher than comparable children without PCBs exposure (Safe and Hutzinger, 1984) .
On the basis of years of the services of the respondents, high possibility of chronic exposure was observed among NEA workers because of stable job and long duration of service, whereas comparatively higher possibility of acute exposure to PCBs and associated toxic gases 
Environmental Impacts and Awareness Conditions
It was difficult to establish cause and effect relationships for environmental impact of PCBs and incident impact. As PCBs are no longer manufactured or widely used today, there are relatively few ways that PCBs is exposed to the environment (Stockholm Convention, 2004) .
The most common exposure routes in our country is through PCBs contaminated transformer oil which is widely used in transformers and welding workshop even today (Devkota, 2005) .
There was very poor knowledge about impacts of PCBs contaminated transformer oil on environment among respondents. The condition was worse than reported by MOEST in 2007
(59% of NEA employees and 14.3% of private workshops were aware of impacts of PCBs on the environment). The condition was better among NEA employees than among welding workshop workers, but yet not satisfactory. Among the respondents who had knowledge about impact of transformer oil on environment, very few had knowledge that PCBs could contaminate the whole environment through driving forces like wind, water, gravity and food chain and show multiple impacts. It was very difficult to establish causality of illness or disease that was directly attributable to exposure to PCBs. As noted above it was found that the level of knowledge and awareness on health and environment about PCBs contaminated transformer oil on health and environment was very low among workers who, regularly come in contact with transformer oil.
